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NOTE ON THE KATZ^Um EFFECT ON AIRjFOlL DRAG. 
By Sliats-.Tell O-oer. 

The reduction in dr?.g of an airfoil ^^hien the air stream is 
oscillating is called the Katzmayr effect. This effect v^as first 
described by Dr. Katzmayr, director of the Vienna Aerodynamical 
Laboratory, in "Zeitschrift fiir FTagtechnik und Motorluf tschif- 
fahrt," March 31 and April 15, 1932 (Reference 1). Co.nfirming ex- 
periments have been made by Toussaint, Kerneir and Girault, and 
are given in a report translated by the National Advisory Conrmit- 
tee for Aeronautics in Technical Note No* 502 (Reference 2)* 
That report confirms Katzm.ayT»s results, yet contains no explana- 
tion or reason why an oscillating ''ind should reduce the airfoil 
drag. The purpose of this note is to offer a simple explanation 
of the cause of the Katzmayr effect- 
Consider first the condition in a perfectly steady air stream. 
The drag, of course, is measured by a balance the linkages of which 
are so aligned that the com-ponent of force along the ndnd stream 
can be reed directly. As no artifie^irl air stream is absolutely 
steady in velocity or direction^ it is necessary that the balance 
be heauVily dar.ped "by dashpots or equivalent arrangements- Further- 
more, as the forces to be measured are not inconsiderable, the bal- 
ance will inevitably have a large moment of inertia and a long nat-* 
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ural period 01 oscillation. The drag toa^lanoe therefore villi not 
f 0110*^7 a raoid oscillation in the true magnitude of the drag com- 
ponent, even though the amplitude of the variation be large, but 
yrill .oive a mean reading representing the integral of the instan- 
ts neous drag with respect to time divided by the tirr.e of a com- 
plete oscillation. 

If the air stream is oscillating in direction a correctly 
aligned drag balance ^.^dll re^d. the niean of the componsnts of force 
parallel to the normal steady vlnd. As the vdnd direct.ion changes 
from norraal the drag balance is no longer in correct alignment 
^;.dth the instantaneous direction, so a coirroonent of lift is added 
to or subtracted from the true drag^ In the case of an airfoil 
within the ordinary working ra.nge of angles of attaclc the corrpo- 
nents to be subtracted are larger than those to be added, as the 
component of lift measured on the drag arm is negative v;hen the 
chpnge of ^-Ind direction is such as to increase the true angle of 
attack and therefore when the lift is largest (6 positive, as 
shown in Fig. l)* The niean comrponent paral?. el to the wind direc- 
tion, which is v;hat the balance reads, will therefore be reduced 
by the existence of the oscillation (Reference 3). When the fre- 
quency of the oscillation is such that the wing chord is only a 
small fraction of a wave length, the angle of attack may be con- 
si ae red constant along the chord at any instant during an oscilla- 
tion, and the lift and drag components parallel to the normal wind 
direction can be calculated from values made in a normal steady 
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X7ind. If the v/ave is eo short that it approaches the vdng chord, 
the above assumption cannot he made and the calculation becomes 
invalid* The changing direction of the stream, like the induced 
drag on an airfoil of low aspect ratio, then acts to change the 
effective curvature of the section. However, even at the highest 
frequency and the slowest speed of test mentioned in N^.-^.CA. Tech- 
nical Note No. 202 (Referohce 2), the wave length in the Toussaint 
experiments was five times tha ring chord. 

On the assumption that the angle of attack is constant along 
the chord the process of calculation becomes comparatively simple. 
In Fig. 1 

a ~ hypothetical angle of attack, based on the mean 
v/ind direction 

L = true lift at 

D ~ true drag at 

P angle between mean mnd direction and wind direction 

at any insta.nt, -i- when a-ngle of attack is increased- 

L ^ and = true lift and drag at (a -1- 6)° 

Lgcand = true lift aixi drag at (a • 

= reading of balance when 8 = + 6^^ 

= reading of balance when 3 =: - 3^ 
D» = cosS^ - sin 6^ 

= Eg cos 6^ sin8^ 

From the method of generation the v/ave form of the oscillation 
is approximiately harmonic, or P i K sin t, -here "K" is the 
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amplitude and "t" the time. The mean effect n^ay be found by in- 
tegrating the mean force »7hen the oscillation is ±Q^, one-half 
of the curve for a complete cycle being folded baclc on the other 
part, that is: 

/ D' + D" dt 

F = mean dra.g reading = — — - 



/ dt 

If K is small, the slope of the lift and the change of slope 
of the dreg may be considered constant- The form of the ma^themat- 
ical solution was origina.lly due to Prof. Edward P. Warner. The 
introduction of curvature^ giving a somewhat closer approximation, 
was suggested by Dr. H. L. Dryden- 
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• ^ P <^ since change of slope is 
2 d ^ - 

assumed constant. 

= D + 1 - ^ 3= 

2 2 ClCl^ aa 

Integrating over a half c3^cle ("the combination of the positive 
and negative angles making this equivalent to integration for a com- 
olete cycle ) . 



/ ^' t " • dt 



D/ dt + ^ - ^ / e'dt 



p ^ i 2 ^ _c^_, - 2 dcr do^ ^ . 

/ dt / dt 

o 
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2 2 2 

F = D + ^ _ K_. K and a in radians 

4 da^ 2 da 

In the use of this formula it is more convenient to replace 
forces by coefficients 

Gf = Cn + ^ - ^ 

^ 4 da^ 114.6 da 

Fig. 6 of Technical Bote No, 802, reproduced as Fig. 2, in 

this pat)er, at 0° Cn is .041, ^ is .070, -— is about .0007. 

da da^ 

Tifith an air;plitude of oscillation of +10° 

Cp = .041 + ^ .0007 - .070 = .041 + .018 - .061= -.002. 

The experimental value is +.003. If, instead of the values of 

£^ and ^—^P- e.t 0^ the rnean values from -10^ to -MO^ rre 'jsec\ 
a a d a 

the agreement with the ex-oeri mental result is even better. It then 
seems clear that the instantaneous lift and drag of an airfoil are 
functions onl^^ of the altitude at that instant, and quite independ- 
ent of the fact thet the angle of attack may be in process of chan£:e . 

The mean drag coefficient Cp may e.lso be found by an arith- 
m.eticcl integration v^hich makes due allov/ance for all variations 
in C]3 and Cl* The voxl<. is given in Table I for a mean angle of 
0^. C]^' is calculated for values of 3 spaced at 2^ intervals 
from -i-10^ to -10^. Assuming that each Cq^ affects the mean Cp 
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in proportion to the time it persists, and using 0° as the mean 
from -1° to 1°, 2° from +1° to +3*^ and so on (9|-'^ is used in place 
of 10° as the last point, for obvious reasons), the mean Cp is 
found. Cjr y;orks out by this method, in the case just given, at 
-.003. 

Similar computations have been made by the mathematical and 
arithmetical methods for a = + 4°^ each ?/ith 10° amplitude. 



a 


Math. 


Arith. 


Exper 


-4° 


-.026 


-.022 


-.015 


0 


-.002 


- . 003 


+ .003 


+ 4° 


+ .037 


+ .028 


+ .031 



The agreement betv/een the calculated and experimental results is 
fair, certainly good enough to indicate that the explanation of- 
fered is correct. 

By the mathematical analysis it appears that the reduction in 
drag coefficient should vary as the square of the c.mplitude of os- 
cillation. In Fig. 9 of Technical ilote No. 302 (Reference 2), the 
reduction of coefficient due to a 10.5° amplitude is .038, -'hile 
that due to 16.5° is only .058, instCcd of .084, if the square law 
held. But in Fig. 12, the reductions cxe: 

Amplitude 8° 13^ 17° 

Reduction .036 .079 .110 

Varied as square 
based on 13° .030 -079 .135 
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These vr.rir.ticiis are nearer the square* Such aherrations as exist 
for the large arnpli^^cudes are accounted for by the increase of the 
angle of attack in the course of the oscillation to far beyond the 
point of imximun, invalidating the assunjptions on which the analy- 
sis '^i<?.s based. 

A further application of the ICatzmayr effect, suggested by 
Mr. "-Valter F. Sade, is that it ::>?.y be the cause of part of the 
variation of drags measured in various tunnels- A small natural 
oscillation of direction of the vind stream vrould hcLve exactly 
the s?ne effect as an artificially produced oscillation. Using 

the ina-bhenie.,tical ene. lysis e.nd value of On. and -^z- for a 

^ da* d 

good --ing near ninimum drag, the reduction in drag, due to an os- 
cillation of 1° amplitude, is 5-2;^, and that due to l/2° is 1.3f^ 

(C^. = .0120, = .ICC, = '^01). It is cert?inl^/ not inccn- 

ceiveible that there vciojj he an oscillation in ••■inc. direction of l/2~ 
at some rind speed i^n ali-aost any type of -cunnsl. Furthermore, the 
fact •thot this oscillation i^iay change ■'■itli vlnC speed ^'rould offer 
an exple/nation of the striki-ngly different characteristics shorn 
by "scale effect curves" taken in different tunnels. 
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TABLE I. 

Effective Drag Reciding at 0^ Mean single 









Cc cos^ 


-Cl sine 


r. ' 


t 






- . Oc 


.CIS 


. ..016 


- . 003 . 


. 013 


• 451 


.0059 


-8 


-1 -1 


.016 


.016 


.015 


.031 


.343 


. 0107 


-6 


.27 


• 018 


. 018 


.028 


.046 


.253 


.0117 


-4 


. 42 


.023 


.023 


.029 


-052 


.219 


.0114 


-2 


.58 


.031 


.031 


.020 


.051 


.205 


.0104 


0 


.72 


.041 


.041 


.OCG 


.041 


.200 


. 0082 


2 


-85 


.054 


.054 


-.030 


.024 


.205 


.0049 


4 


.98 


.067 


• 067 


-.059 


- . 002 


.219 


-.0004 


6 


1.10 


.084 


.084 


-.115 


-.031 


.253 


-.0079 


8 


1.21 


.104 


.103 


-.168 


-.065 


.343 


-.0223 


9i 


1.27 


.121 


,119 


-.210 


-.091 


.451 
3.142 


-.0410 
-.0084 



a = 0° 

Values of Cl and from Fig. 6, N..-i.C-.-i. Technic£,l Kote 
No. 202 (Reference 2). 
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TABLE II. 

Effective Drag Reading at -4*^ Lfean ^ngle- 
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^2 


-.31 


.027 


-.018 


-.0081 


-13 


-8 


-.21 


.021 


-.008 


-.0027 


-10 


-6 


-.05 


.016 


+ .011 


.0028 


- 8 


-4 


.11 


.016 


.024 


.0053 


- 6 


-2 


.27 


.018 


.029 


.0059 


- 4 


0 


.42 


-023 


.023 


. 0046 


- 2 


2 


.58 


.031 


.011 


.0023 


0 


4 


.72 


.041 


-.009 


-.0020 


3 


o 


.86 


.054 


-.035 


-.0091 


4 


u 


.98 


.067 


-.070 


-.0240 


5i 


Qi. 
^2 


1.07 


.078 


-.100 


-.0451 
-.0701 
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TABLE III. 

Effective Drag Reading at +4° Mean Angle. 





p 
P 








Cd ^ 






.30 


.019 


.068 


.0306 




-8 


.42 


.023 


.081 


.0278 


-2 


-6 


.58 


.031 


.092 


.0233 


0 


-4 


.72 


.041 


.091 


.0199 


2 


-2 


.86 


.054 


.084 


.0172 


4 


0 


.98 


.057 


.067 


.0013 


6 


2 


1.10 


.084 


.046 


.0094 


8 


4 


1.21 


.104 


.019 


.0042 


10 


6 


1,50 


.127 


-.010 


-.0050 


12 


8 


1.37 


.156 


-,037 


-.0127 


13^ 




1.40 


.175 


-.059 


-.0266 
.0894 
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